The determination of 3-methoxy 4-hydroxy mandelic acid (vanillyl-mandelic acid) in urine is of importance in detecting the increased production of this major metabolite of adrenaline and noradrenaline in patients with phaeochromocytoma (Gitlow, Khassis, Cohen, and Mendlowitz, 1959) and also in investigations on hypertension in which there may be disturbance of catecholamine metabolism leading to increased excretion of vanillyl-mandelic acid (Studnitz, 1960) . Various methods for estimating it in urine have been described (Armstrong, McMillan and Shaw, 1957; Studnitz and Hanson, 1959; Sandler and Ruthven, 1959; Gitlow et al., 1959; Robinson, Ratcliffe, and Smith, 1959) , but none lends itself to rapid routine investigations with large numbers of urine samples. The method to be described is suitable for this purpose and can be carried out without recourse to special techniques such as paper chromatography, column chromatography, or high voltage electrophoresis. It is based on the fact that the azo dyestuff formed when vanillyl-mandelic acid is coupled with diazotized p-nitroaniline can be separated from interfering coloured substances by extraction from potassium carbonate solution into chloroform from which it can be re-extracted with sodium hydroxide to give a red solution suitable for colorimetry. In developing the method satisfactory conditions for selectively and quantitatively extracting vanillyl-mandelic acid from urine have been determined and the reaction between it and diazotized p-nitroaniline has also been studied in order to obtain maximum reproducibility. PROCEDURE REAGENTS In addition to ether A.R., chloroform B.P., and sodium chloride A.R. the following are made up:-Received for publication 3 March 1961. p-Nitroaniline reagent To 0-5 g. p-nitroaniline add 3 ml. concentrated HCI and make up to 500 ml. with distilled water, any undissolved solid being filtered off. This solution stores indefinitely. To prepare the reagent add 1 volume of 005% (w/v) The infra-red spectra of the two coloured materials have also been compared and are essentially ity of diazo-derivative the same, confirming that the method is determining !, to concentration of vanillyl-mandelic acid without interference from the many other urine constituents which couple with the diazo reagent. Studnitz (1960) considered ether and ethyl acetate iline reagent, leave for equally satisfactory for extracting vanillyl-mandelic acid potassium carbonate from urine. We find that ether has a greater selectivity in. to allow maximum against unwanted colour-forming substances and is anillyl-mandelic acid-therefore preferable, although as vanillyl-mandelic acid fly coloured reaction has a considerably lower distribution coefficient in ether/ ve 15, 10, and 5 ml. water than in ethyl acetate/water fairly large volumes of ir yellow chloroform solvent are needed for extraction. However, the bulk of l-ionized form of the the ether used is recovered for redistillation and further tion with 10, 5, 3, and use. It is possible to remove the ether by distillation under lume of the combined reduced pressure but precautions must be taken to see lting red solution in a that the ether used is completely free of peroxides as ll amount of coloured otherwise vanillyl-mandelic acid suffers considerable loroform layer after destruction. The extraction procedure avoids this diffiphotometer reading is culty besides taking less time. converted into weight of vanillyl-mandelic acid by reference to a standard curve prepared with a solution of known vanillyl-mandelic acid using the same conditions for colour development as those used for the urine sample but omitting the ether extraction stage. A standard curve is shown in Fig. 1 . The spectrophotometer used was a Unicam SP 600 using 1 cm. cells.
The coupling reaction is very sensitive to light and it is therefore necessary to work out of direct sunlight and in subdued daylight or preferably artificial light to avoid losses and erratic recoveries. The chloroform extract of the vanillyl-mandelic acid complex is also unstable in the presence of light and the extraction with sodium hydroxide should therefore be carried out with the minimum of delay. The final red colour is stable for at least 24 hours.
Normally the separation of the chloroform layer in the final stage is rapid and complete but it may at times be necessary to give a short centrifugation before reading to remove suspended chloroform droplets. The colour of the test solution is occasionally slightly different in shade from that of the standard. This is due to an orange compound with an absorption maximum at 480 m,u formed with some urines. Its formation is reduced to negligible proportions with the dilutions of urine extract
RESULTS
The reproducibility of the coupling reaction and subsequent stages has been determined by analysis of 14 50/tg. samples of standard vanillyl-mandelic acid solution. These were read at 510 m,u in a 1 cm. cell. The mean of the optical density readings was 0-348 with a standard deviation of ± 0-0063 (± 1 81 %). Recoveries of 20 and 30 ,ug. amounts of vanillylmandelic acid added to normal urine were 95 0% and 95 9% respectively. Complete extraction could be obtained only by increasing considerably the number of ether extractions and it is more convenient to use a factor of 1 05 to correct for this loss. This correction has been applied to the figures quoted in Tables I and II. Table I gives the total vanillylmandelic acid excreted in 24 hr. by a number of normal male subjects. Subjects A and B were medical students on balance experiments and therefore on a complete but controlled diet and 24-hr. Table I . The other samples were from laboratory staff on unrestricted diets. Table II shows pre-operative vanillyl-mandelic acid excretion figures for three proved cases ofphaeochromocytoma, the urines being made available by the courtesy of Dr. M. Sandler. The two values given for subjects J and K were on urine samples obtained on different occasions. In the second column are the values supplied by Dr. Sandler for three of the urines using the method of Sandler and Ruthven (1959) as modified by Sandler and Ruthven (1960 
